galleries are occupied by hydrated cations, which counterbalance the negative charge of the layers generated by the isomorphic substitution of some atoms in the silicate crystals 10 12 .
An extensive range of physical and chemical properties can be tailor made just by cautious variation of composition and the structure of polymer. Thus, in this study polyurethane which generally made from petrochemicals was utilized as this polymer has been offering advantages in various applications. The use of bio-based renewable resources has proved to be compatible in environment and economical feasibility as compared to the traditional petrochemical derivatives 11 . Oils are an excellent renewable source for chemical industry and particularly for polymer applications 14, 15 .
Polyol derived from soya oil is a green raw material. The polyol reacts with isocyanates to produce polyurethane which is functioned to serve as building blocks that able to compete in many aspects with ones derived from the petrochemical polyols 16 19 . Many researches were motivated with this potential advantages offered by the soya oil polyol to produce various products especially as composites 20, 21 with different preparation such as they prepared an epoxidized soya oil polyol and reinforced with fiber glass to produce composite.
In this research, soya oil monoglyceride which acts as polyol was selected to synthesize the polyurethane nanocomposites by using a diisocyanate pure MDI as a curing agent. The polyol had a significant difference in their crosslinking density and the clay used in the synthesis of the nanocomposite polyurethane was an organically modified montmorillonite MMT . The insertion of nanoparticles in the polymer matrix is expected to increase the modulus of elasticity and perhaps the strength. Furthermore, the investigation of soya oil based polyurethane nanocomposites is expected to suggest high performance by combining every advantage of each material.
EXPERIMENTAL

Materials
Soya oil polyol was prepared via transesterification of triglycerides with glycerol as the procedure reported by Issam et al. 22 . It had 251 mg KOH/g of OH number, equiva- 
Sample Preparation
The soya oil-based polyurethane was prepared by addition polymerization reaction. The monoglycerides of soya oil 0.028 mol was transferred into a three-neck round bottom flask which was equipped with a nitrogen gas inlet, mechanical stirrer and a dropping funnel. The 0.028 mol MDI was added into the flask with appropriate amount of DMF, and the reaction was allowed to stir in inert atmosphere for 2 hours at temperature of 70 with vigorous stirring. The temperature of the reaction was increased to 110 and continued for 10 hours for completion of reaction.
The nanoclay filler of different amounts 0, 1, 3 and 5 was dispersed in solvent media of methanol and stirred at high speed followed by ultrasonication. Next, the solution was added into the polyurethane by meachanical stirring and the solvent media was removed by distillation under low and high vacuum. The mixtures were then poured into a preheated mold 100 and leave it overnight for curing to obtain 2 mm thick sheets.
Designation of samples
The designation of the samples was made according to the concentration of nanoclay in the polyurethane nanocomposite 0, 1, 3, or 5 and all the samples were named with PU which is stands for polyurethane and NC which is stands for nanocomposite as shown in Table 1 .
Characterization and analysis techniques
The infrared spectra for the soya oil-polyol and the cured composites were analyzed on a Nicolet Fourier Transform Infrared FT-IR Avatar Model 360 spectrometer. All spectra were recorded within the wavenumber range of 4000-750 cm 1 . 1 H NMR spectra were verified by a Bruker 400 MHz NMR spectrophotometer using dimethyl sulfoxide DMSO-d 6 as a solvent, and tetramethylsilane TMS as the internal reference.
XRD studies of the nanoclays and the nanocomposites were performed using Philips X Pert MPD, Japan X-ray Swelling experiments of the composites were carried out in toluene for a period of a week at room temperature. The swollen samples were weighed as soon as they were taken out from the toluene in every 24 hours until the weight was constant.
Thermogravimetric analyses were performed using Thermogravimetric Analyzer TGA 2050, TA Instruments Inc. in nitrogen atmosphere with a heating rate of 20 min 
RESULTS AND DISCUSSION
Characterization
The Infrared spectra for soya oil-polyol and soya oilbased polyurethane were analyzed on a FT-IR spectrometer as shown in Fig. 1 . The presence of hydroxyl group in soya oil-polyol was observed with a broad stretching band at 3479 cm 1 . The FT-IR spectrometer was also used to verify the absence of free isocyanate groups NCO in the cured soya oil-based polyurethane as it has been observed in Fig. 1 which indicates the completion of reaction. N-H stretching vibrations of the urethane group were observed at 3303 cm 1 which attributed the secondary amine in the polyurethanes as there was one band spotted in the spectrum. Another characteristic of amine presented in the polyurethanes is multiple C-N stretching vibrations at 1307-1176 cm 1 . These suggest that urethane groups are formed by the reaction of MDI with polyols 21 . The absorption peak for C O of the urethane linkage in the polyurethane was spotted at 1730 cm 1 . Aromatic compounds contain delocalized π electrons from the resonance-stabilized double bonds C C and C-C within the ring showing skeletal vibrations at 1597-1405 cm 1 , whereas the absorption bands at 3001 cm 1 were contributed by the stretching of aromatic C-H. Further confirmation for the structure of the soya oil polyol was supported by 1 H NMR spectrometry as shown in Fig. 2 . The peak at δ 0.88 ppm was due to the terminal methyl group, whereas the strong peaks at δ 1.24 ppm was attributed to the protons in the methylene -CH 2 groups and δ 1.51 ppm was assigned as the proton attached next to the terminal methyl group of the fatty acid chains. A peak at δ 2.74 ppm was assigned as the proton of -CH 2 at the center between the double bonds -CH CH-CH 2 -CH CH-.
The -CH proton adjacent to -OH group was observed at δ 3.62 ppm, while multiplet peaks observed at δ 4.00 ppm were assigned to the protons of -CH 2 adjacent to oxygen atoms. Protons of the H-C C-H vinylic groups of the monoglyceride was observed at δ 5.50 ppm. As there were no aromatic groups present in the compound, the peaks were observed below δ 7.00 ppm.
The 1 H NMR study for soya oil-based polyurethane was shown in Fig. 3 where the peaks ranged at δ 0.86 ppm to δ 5.33 ppm as assigned as a-f and k-m were the backbone of polyol as shown in Fig. 2 and has been discussed above. The peaks at δ 3.80 ppm showed the -CH 2 adjacent to the aromatic group and the peak at δ 4.86 ppm confirmed the -CH 2 protons of glycerol moiety attached to the urethane linkages 24 . The peaks at δ 7.11 ppm and δ 7.40 ppm were assigned to the protons of aromatic ring and the proton of N-H of the urethane linkage was observed at δ 8.50 ppm. Thus, both FT-IR and 1 H NMR spectroscopy analyses confirmed the formation of soya oilbased polyurethane.
3.2 X-ray diffraction XRD and transmission electron microscopy TEM XRD is a powerful tool to investigate the degree of dis- persion and delamination of clay layers in polymer matrix 1 . Figure 4 displays the wide angle X-ray diffraction patterns of nanoclays and soya oil based polyurethane nanocomposites. The d-spacing of organically modified MMT clay Cloisite ® 10A was calculated according to Bragg s equation and diffraction peaks were shown at 2θ 4.03 , 20.13 and 27.42 . Generally, the intercalated layers show intense peak in the range of 1.5 -10 of 2θ value, whereas exfoliated system gives no distinct peak in that range for their loss of structural integrity 25, 26 . This peak was disappeared in the XRD of polyurethane nanocomposites which because of the exfoliation of nanoclay layers in the matrix by the polymer chains. In the soya oil-based polyurethane nanocomposites, two peaks were observed at range 2θ 21 and 23 which were believed due to crystals in the structure.
The absence of basal reflections in the XRD patterns for soya based nanocomposites probably suggests the formation of an exfoliated nanostructure and this exfoliated structure of clay layers is further investigate in the TEM image which will provide what actually happened inside the matrix. Figure 5 showed the TEM image of PU-5 -NC, where the dark areas represents the clay whereas the grey or white areas the PU matrix. In the case of PU-5 -NC, large aggregates of nanoclay were formed, thus revealing a tactoid structure with a certain degree of intercalation in the outer layer of the clay aggregates. The clay layers were also seen dispersed and randomly disordered in the matrix which indicates that the clay layers are almost exfoliated in the matrix.
Degree of swelling
The degree of swelling can be calculated as the ratio of the volume of the swollen polymer to the volume of the polymer before swelling in toluene. From the graph shown in Fig. 6 , for the first 5 days swelling was raised by 65 for PU-1 -NC, 59 for PU-3 -NC, 56 for PU-5 -NC, and 51 for PU-0 -NC. The degree of swelling was the lowest for the highly cross-linked nanocomposites material, whereas the interaction between polymer and nanoclay which was due to the consumption of nanoparticles apparently reduced the degree of swelling.
Thermogravimetric analysis TGA
The TGA curves of the nanocomposites based on soya oil polyurethane revealed two steps of degradation and the shapes of the weight loss curves for all nanocomposites were identical as shown in Fig. 7 . The thermo-stability of polyurethanes based on vegetable oil-polyol would depend on the functionality and structural differences of the polyol 27 in addition to the number of aromatic moieties and the urethane linkages, as they can withstand a suitable amount of heat 22 .
The first stage of the degradation of polyurethane is usually starts at 250 -350 and was related to the decomposition of urethane linkages, which leads to the dissociation of the polyol and isocyanate. After that the monomers slowly volatilize, and there is a profusion of secondary reactions.
The last stage occurred around 400 -500 where the final degradation corresponds to the decomposition of ester groups or soft segments in the backbone of the polyurethanes. From the Fig. 7 , it was observed that PU-5 -NC exhibited the highest stability for thermal degradation, whereas NanoSoya-3M showed the lowest degradation temperature. The thermo-stability of polyurethanes can be ranked as PU-5 -NC PU-1 -NC PU-0 -NC PU-3 -NC. The residue is measured as the amount and rate of weight change in a material as a function of increasing temperature in a controlled atmosphere and the residue of the samples at 600 was around 20-30 .
Mechanical properties
Mechanical properties of the nanocomposites are influenced by the interaction between the pure PU matrix and the nanometer clay layers as well as the cross-linking density and rigidity of the polyurethane networks. It is known that the existing agglomeration of the clay particles could substantially affect the mechanical properties of the nanocomposites.
The tensile strength of the PU nanocomposites was shown in Fig. 8 . It was observed the tensile strength of the 3 of nanocomposites performed the notable improvement which the highest stress at 235 MPa while the strength decreased at 5 of nanocomposite. However, the nanocomposite without any reinforcement of clay performed a moderate strength at 165 MPa.
The same pattern also has been observed for flexural strength as shown in Fig. 9 where PU-3 -NC performed the optimum elasticity at 430 MPa and the elasticity showed decreases for PU-5 -NC. The increment in tensile and flexural strength is believed due to the reinforcement of the nanoclay into the matrix as well as the Impact strength of the nanocomposites was seen to be similar in pattern as observed for tensile and flexural strength and they were increased notably with the loading of the nanoclay until 135 MPa of PU-3 -NC and decreased for PU-5 -NC at 67 MPa. This scene as illustrated in Fig. 10 is might be due to the improvement of the tensile strength of the flexible nanocomposites.
CONCLUSION
Soya oil monoglyceride was successfully synthesized via transesterification of the triglycerides by one step process. The study showed the soya oil based polyurethane matrix is as feasible alternative to the other petrochemical polyurethanes for the reinforced composites. The reinforcement of nanoclay into the polyurethane matrix offers partially exfoliated structure and revealed a tactoid structure with a certain degree of intercalation in the outer layer of the clay aggregates as proved by the TEM. A significant improvement in the performance of mechanical properties and degree of swelling has been observed from the formation of the soya oil-based PU nanocomposites along with the loading of nanoclay where PU-3 -NC has shown the optimum performance. Hence, these soya oil based polyurethane nanocomposites have a bright potential as an advanced material in various applications. 
